The aim of this paper was to propose quantitative measurement of path loss model adaptation in urban radio propagation for a second-generation, terrestrial digital video broadcasting standard (DVB-T2) system. The measurement data was analyzed using data processing based on the least squares (LS) method to verify the probabilistic quantitation of realistic data measurement such as mean error (ME), root mean square error (RMSE), and standard deviation of error (SD), as well as relative error (RE). To distinguish the experimental evaluation, the researchers compared between the conventional Hata path loss model and the proposed model. The result showed that path loss based on the proposed model was more accurate in predicting the quantitative measurement of propagation data properly.
Introduction
Currently, much of the television broadcasting in countries throughout the world has been transitioned from analog to digital, usually called the DVB-T2 standard [1, 2] . Radio regulations were launched in 2014 which provided frequencies from 510 MHz to 790 MHz bands. Nevertheless, a problem was found in that the coverage area was insufficient to service many clients, particularly in urban locations, which have several blind spots. Thus, a gap-fill solution is necessary to improve on these blind spots for both indoor and outdoor scenarios. Watching mobile phones that may still lack the ability to survey quality of service (QoS) is also important [3] .
In the present research, radio propagation planning was done by using measurement based on an empirical model or deterministic model to predict path loss. Conventional path loss models such as the Okumura model, Hata model, or Cost-231 model are widely used to predict the probabilistic propagation of mobile communication systems [4] [5] [6] [7] [8] [9] [10] . On the other hand, DVB-T2 systems have not been the focus of many studies. In the last few years, there have been several published papers in a survey of digital broadcasting transmission techniques [11] . The results found that a problem with the transmission technique is the difficulty in controlling the multipath fading of the surroundings. Although the key requirement to develop DVB-T2 is based on the orthogonal frequency-division multiplexing (OFDM) transmission [12] , automatic modulation and coding [13] or multiple input multiple output (MIMO) [14] can also be used. Measurement data in the field must also be verified. While the fixed television has been examined by the measurement results based on an empirical model [15] [16] [17] [18] , the results found that the carrier to noise ratio (C/N) minimizes to less than the requirement for the television receiver. Even though the C/N parameter is important, the path loss measurement is also important to predict the density of multipath fading, especially in a single-frequency network (SFN) [19, 20] . Therefore, the field trial has been introduced [21] , where path loss varies in a range from 60 dB to 120 dB for Gaussian and Rician channels. Nevertheless, urban areas [21] [22] [23] found that the difference between the fixed reception tests was up to 130 dB.
For the DVB-T2 system, the path loss data measurement is different from mobile communication which is not able to be directly used by the Okumura model, Hata model, or Cost-231 model. In this paper, we not only evaluate path loss data measurement but also propose close-form data processing based on the LS method for the optimization of data. The sample measurement locations are experimental regions in southern Thailand. We explain that Channel CH40 broadcasted at 626 MHz and CH42 broadcasted at 642 MHz in Surathani Province, while Channel 44 broadcasted at 658 MHz and CH46 broadcasted at 674 MHz to Songkla Province. In order to evaluate the proposed method, conventional path loss was reconsidered with probabilistic quantitation such as ME, RMSE, SD, and RE.
The rest of the paper is provided as follows: the measurement setup is described in Section 2. The proposed data processing is described in Section 3, while the results and discussion are mentioned in Section 4. Finally, a conclusion is presented in the last section of the paper.
Measurement Setup
Path loss typically depends on the characteristics of wave propagation between the transmitter and receiver, as shown in Figure 1 . Propagation models are crucial for the prediction of radio channels. The deterministic model is usually based on the ray-optical method. This model offers excellent accuracy and is able to provide additional parameters such as small-scale fading and delay spread. However, the disadvantages include large computation time and the conditions being insufficient.
The empirical model is provided based on observation and measurement. This model can be classified, namely, as time dispersive or non-time dispersive: time dispersive is modeled to predict the path loss from channel measurement results. On the other hand, non-time dispersive predicts mean path loss from the function as distance, antenna height, and so on, such as the Okumura model and Hata model. This paper considers the measurement field trial based on the empirical model, both time dispersive and nontime-dispersive evaluation where the detail of locations is Songkla and Surathani Provinces, Thailand. Note that the transmitter in Songkla Province is located at a latitude of 7 0′ 57.95″ and longitude of 100 31′ 12.17″ at a height of about 417 meters above sea level and the transmitter in Surathani Province is located at a latitude of 9 5′ 32.77″ and longitude of 99 20′ 55.59″ at a height of about 244 meters above sea level. Figure 2 shows a block diagram of a DVB-T2 transmission system and a design for the reception system. The reception system consists of −3 dBi Rx antenna vertical monopole connected to a channel filter which is set to channels CH40, CH42, CH44, and CH46 to cancel other emissions' interference with the desired signal. The received signal is recorded by using an IQ recorder as the baseband IQ sample data processing stage. The measurement data is automatically recorded (received signal) and post-data processing is done by an optimized path loss model.
The transmission system consists of the following:
(1) Input stream processor: this part includes the transport stream (TS), generic encapsulated stream (GSE), generic continuous stream (GCS), generic fixed-length packetized stream (GFPS), and physical layer pipes (PLPs). These are stream systems to transmit higher data broadcasting.
(2) Block interleaving and coding modulation (BICM): this part includes all the interleaving, coding, and modulation steps carried out over each BB frame of PLPs. The interleaving is an outer encoder and an inner encoder (LDPC). The LDPC is an option for increasing the robustness of data transmission against channel time-varying disturbance. The encoding uses LDPC FEC and modulation is up to 256 QAM. (4) Modulator: this part includes an OFDM function such as active constellation extension (ACE) and tone reservation (TR) to control the peak-to-average power ratio (PAPR).
The reception system consists of the following:
(1) Rx antenna: this part is an antenna receiver that is used in the measurement field and is connected to a channel filter.
(2) IQ recorder: this part collects the received signal and stores on a hard disk as baseband IQ samples for a posterior off-line processing stage.
(3) Measurement information: this part collects location from a GPS system as parameters of the measurement.
(4) Postprocessing: this part is data processing.
The measurement locations are shown from a satellite map of both Songkla and Surathani in Figures 3 and 4 , respectively. In addition, the measurement test was performed by a mobile drive test in Figure 5 , where the speed of the car did not exceed 40 km per hour and provided C model HD RANGER+ which used a GPS and USB drive for data collection. The commercial omnidirectional antenna from a Spectrum model was used as a receiver dipole antenna with −3 dB of relative gain. The receiver antenna was mounted on the roof of the car, where the antenna height was set to 2 m above the ground. In the measurement setup, the number of frequency sweeping points was 3001, while 2 International Journal of Antennas and Propagation resolution bandwidth was 10 kHz, and frequency band ranged from 510 MHz to 790 MHz. Note that the distance between the transmitting antennas to the receiving antenna was 2 km to 7 km. The parameters of DVB-T2 transmitter system are shown in Table 1 .
Path Loss Modeling-Based LS Method
This section proposes the data processing for path loss modeling. In the procedure, the data measurement collection is firstly conducted to analyze by using the conventional 3 International Journal of Antennas and Propagation path loss model. Secondly, a process of optimization is obtained to estimate using the least squares method and evaluate the validation of data integration. Finally, statistical analysis parameters such as ME, RMSE, SD, and RE are used to evaluate a comparison between the optimized path loss model and the conventional path loss model. In [4] , they claim that the Hata model is a significant improvement over the Okumura model for the prediction of path loss. Propagation in different geographical regions is taken into consideration using correction factors that have been empirically derived. The starting point in path loss prediction is the propagation in an urban area. Path loss models are generally given in terms of the median loss rather than the mean loss. Also, path losses are given in terms of the effective height of the transmitting antenna and the height of the receiving antenna. Typically, the transmitting antenna is mounted on the top of existing buildings at a distance between 1 km and 20 km, frequency bands from 150 MHz to 1500 MHz, and an antenna height of 1 m to 10 m.
In a conventional Hata model, path loss is given by PL dB = 69 55 + 26 16 log 10 f c − 13 82 log 10 h t + 44 9 − 6 55 log 10 h t log 10 R − E, 1
where E represents a large scale, medium scale, and small scale; h t and h r denote the antenna height of the transmitter and receiver; f c is the center of frequency; and R is the distance. However, for the large scale, when f c ≥ 400 MHz, E = 3 2 log 10 11 75h r 2 − 4 97 2
For the medium and small scales, E = log 10 f c − 0 7 h r − 1 56 log 10 f c − 0 8 3
The optimized path loss is based on using the LS method to find the estimated values a and b, the sum of the square distance from the actual measured data y i ; we can obtain the estimated data of the new path loss model, which is
where i = 1, 2, … , N is the number of total data collection and x i is the value from the conventional path loss model. Mathematically, the LS method conditions are estimated by using a linear regression strategy that is given by
Suppose that a and b are the solution of the substitutive conditions (5) and (6) , then the relationship between the variables y and x by using the regression line as y = a + bx which 
where a = a * − bx, x is the estimation value from the path loss model, and ε is the random error.
The differential equation is normalized by
Taking the partial derivatives with response to a and b, we can obtain
Therefore, a
Note that a and b can be the solution for the substitution of (5) and (6) . Thus, it can be written as
and b = y − ax is the substituting condition. Finally, the validation of path loss measured results is data processed by the statistical properties. ME, RMSE, SD, and RE are significantly proposed in this paper.
For the statistical properties, the relative expression is given by
where PL o is the data processing path loss model and PL m is the data measurement.
Quantitative Evaluation
The measurement results, which were taken in two different environments in urban areas of both Surathani and Songkla Provinces, are shown in Figures 6(a)-6(d) , respectively. This was done in order to compute the stochastic propagation parameters and evaluate the accuracy of the proposed method. Figures 6(a) and 6(b) show the path loss results at broadcasted CH40 and CH42 in Surathani. The distance between the transmitter and receiver was 2 km to 7 km. It was observed that the measured data was scattered from the minimum path loss 100 dB to the maximum path loss 160 dB, which had a variance over 40 dB, while the empirical path loss model in the blue line by the Hata model was not close to the measured data as much as the proposed method in the violet line. By definition, the least squares method has a zero mean error. Note that the propagation errors are calculated as the difference between predictions and measurements. Hence, significant positive parameters a and b, as shown in Table 2 , indicate that the optimized Hata model in general is actually a path loss measurement in a DVB-T2 system in an urban area. However, in order to distinguish between the optimization path loss and the conventional Hata model, the mean error (ME) values were obtained from substitutive conditions in (13) , as summarized in Table 3 . It clearly shows that both the free-space model and the Hata model predict a lower path loss exponent than does the proposed method for urban environments. Consequently, path loss predictions made by the free-space and conventional Hata models are grossly lower estimations than the actual data measurement. Figures 6(c) and 6(d) show path loss results at radio broadcasted CH44 and CH46 in Songkla. Note that the measured data is scattered from the minimum path loss curve 110 dB to the maximum path loss 160 dB, which has a variance over 50 dB. In addition, it mentions that the empirical path loss model in the blue line for the Hata model is still not close to the measured data as much as the proposed method in the violet line. The results of RMSE are shown in Table 4 , which distinguishes between the Hata model and the proposed method compared with the data measurement. Also, the SD and RE of the proposed method in Table 5 and  Table 6 are very satisfactory for use with the directly conventional Hata model.
Conclusion
The main purpose of this paper was to propose optimized path loss modeling based on stochastic quantitation and measurement data for channel propagation in two different urban areas for second-generation, terrestrial digital video broadcasting standard (DVB-T2) for evaluation. We consider path loss by using data processing, by which the LS 5 International Journal of Antennas and Propagation method has been proposed. Experimental results have been discussed based on the stochastic parameters such as ME, RMSE, SD, and RE. It can be concluded that optimized path loss modeling based on stochastic quantitation is more accurate for predicting channel propagation in the DVB-T2 system. International Journal of Antennas and Propagation 
